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Three differently shapedtrapezoidal weirs were calibrated i n  the  hy- 
draulic laboratory for free flow and submerged flow canal discharge 
measurements i n  f i e l d  canals of 50- and 90-cfs designed capacity. The 
3 weirs were calibrated i n  the same t e s t  f a c i l i t y  using mcdel scales of 
1:5, 1:2.67, and 1:2.33. I n  each case the  canal bottom upstream from the,  
weir was flush with the weir invert  and the downstream canal bottom had a 
1.5- t o  3-ft ver t ical  drop at the weir. An electronic d i g i t a l  cmputer 
was used t o  make a l e a s t  squares fit of the calibration data t o  a curve. 
SeconCl degree polynomial equations were derived describing f ree  f l o w  con- 
dit ions and general conical equations describing submerged flow condi- 
tions. The computer was used t o  obtain weir discharge tables  and infor- 
mation for weir discharge graphs for  submerged conditions. Discharge 
tables  and graphs for each weir and drawings and photographs of model and 
prototype v e i r  structures are included i n  the report. 
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SUMMARY 

Hydraulic model tests were made to calibrate three timber 
control checks used to make canal discharge measurements. 
The checks are located on the Parwell Main Canal near 
Farwell, Nebraska. The design canal discharges were 50 cfs 
(1.41 cms) (cubic meters per second) for two of the weirs 
and 90 cfs (2.55 cms) for the other. Each control check 
had a different shaped trapezoidal weir notch. The weir 
invert was level with the upstream canal bottom but there 
was a 1.5- to 3-foot (0.46- to 0.91-meter) vertical drop 
at the weir in the downstream canal bottom. Each weir was 
calibrated for free flow and submerged flow operating condi- 
tions. In the free flow hydraulic model tests, measure- 
ments were made of the weir discharge and the upstream 
water depth. The model data were plotted in graph form 
and a free flow discharge equation was obtained. The 
discharge equation was a second degree polynomial of the '. 
form Q = a + bD + CD', where Q is the weir discharge and 
D is the upstream water depth. In the submerged flow 
model tests measurements were made of the weir discharge, 
upstream water depth, and the downstream water depth. 
The submerged flow model data were plotted on a graph in 
dimensionless form. Y was the discharge ratio of sub- 
merged flow, Qsr to free flow discharge Q and X was the 

submergence ratio of downstream depth Dd to upstream depth 
2 2 Du. A conical equation of the form AX + BXY + Y + CX + 

DY + E = 0 gave an excellent fit to the data points. Values 
for the coefficients in the free flow and submerged flow 
equations were obtainedby using the method of least squares 
and an electronic digital computer. The computer also was 
used for printing discharge tables and discharge graphs for 
each weir. 

APPLICATIONS 

The discharge curves and tables included in this report 
can be used to determine the canal discharge passing through 
the three tractive force test reaches located on the Farwell 
Main Canal near Farwell, Nebraska. They could also be used 
for-determining dischargerthrough weirs made to the same 
dimensions and installed in other canals of similar size. 



The methods used in t h i s  r epor t  a r e  recommended t o  de ter -  
mine discharge curves and t ab l e s  f o r  t rapezoidal  notched 
w e i r s  of shapes o ther  than those included here. 

INTRODUCTION 

Three t r a c t i v e  force  test reaches were constructed on the  
Farwell Main Canal near Parwell, Nebraska, Figure 1. , A t  
t h e  end of each test reach a timber con t ro l  check s t ruc -  
t u r e  w a s  b u i l t  t o  provide t he  designed water flow condi- 
t i ons  through t h e  test  reaches. During t he  course of t h e  
s tud ies  t he  timber checks with t rapezoidal  notched w e i r s  
w i l l  be used a s  canal  discharge measuring devices. Hy- 
d r au l i c  model tests w e r e  made t o  c a l i b r a t e  t he  th ree  w e i r s  
f o r  f r e e  flow and submerged iflow conditions.  Handbooks do 
not  contain usable informat:~on of t h i s  type. 

THE IF~VESTIGATION 

Description of t h e  Timber Control Check In s t a l l a t i ons  

The timber con t ro l  checks a r e  located  a t  S ta t ions  1335+67, 
1430+08, and 1459+90 on $he Farwell Main Canal. Design 
canal discharge a t  S t a t i on  1335+67 is  90 cubic f e e t  per 
second (c f s )  (2.55 cms) and 50 c f s  (1.41 cms)  a t  S ta t ions  
1430+08 and 1459+90. Eirch timber check has a trapezoidal. 
w e i r  opening. The bottom widths and s i d e  s lopes are 
d i f f e r e n t  f o r  each w e i r .  The w e i r  blades were k d e  from 
galvanized steel s t r i p s  and bolted t o  t h e  timber s t ruc tu res .  
The ' top edge of t h e  bottom w e i r  blade, defined a s  t h e  w e i r  
inver t ,  is on t h e  same l e v e l  as the upstream canal  bottom. 
Immediately downstream from the  w e i r  i nve r t  there  is a 
1.5- t o  3-foot (0.46 t o  0.91 meters) drop i n  t he  canal 
bottom. To prevent erosion an 18-inch (46-centimeter) 
th ick  l ayer  of r i p r ap  is placed over 6 inches (15 cent i -  
meters) of bedding f o r  a d is tance  of 1 0  f e e t  ( 3  meters) 
downstream from the  w e i r .  Photographs of t he  th ree  s t ruc-  
t u r e s  a r e  shown i n  Figure 2, and drawings of the  timber /j 

s t ruc tu r e s  a r e  shown i n  Figures 3 and 4.  Table 1 lists 
important w e i r  and upstream canal dimensions. I' 

k 
Figure 5 is a drawing of t he  permanent measuring w e l l s  , 

laced upstream from t h e  timber con t ro l  checks. I n l e t  
ipes,  from t h e  measuring w e l l s  t o  t h e  canal, a r e  located 
5.0 f e e t  (4.57 meters) upstream from t h e  checks. The 

r i n l e t  pipe is  0.7 t o  0.8 foo t  (0.21 t o  0.24 meter) 



above the invert. A water stage recorder, covered by a 
permanent shelter, is mounted over each well to measure 
and record the upstream water depth above the weir invert- 
A staff gage, marked in hundredths of a foot, is installed 
near the inlet pipes. The zero elevation of the staff 
gage was set at the same elevation as the weir invert. 
During canal operation the water stage recorder is peri- 
odically checked and the water stage recorder reading is 
referenced to the staff gage. 

Temporary water stage recorders were installed for measur- 
ing the downstream water depth above the weir inverts 
during submerged flow operation. Fifty-five-gallon steel 
drums with l-inch (2.5-centimeter) holes in the sides 
were placed in the canal downstream from the timber checks 
for use as stilling wells. The water stage recorders were 
mounted on the steel drums to record the water level inside 
the drums. Figure 8 shows one of the ,temporary water stage 
recorder installations. 

The Model 

Drawings and photographs of the hydraulic model are shown 
in Figure 6. The main parts of the model were a head box, 
trapezoidal channel, and an outlet box. The model was 
constructed of wood. The interior of iAe head box, trape- 
zoidal channel, and outlet box were lined with galvanized 
sheet metal, and the sheet metal joints were solggred to 
make the: model watertight .' : . , -  , ,'- 

, . . , 
d 

Two vertical pumps connected to two 8-inch (20-centimeter) 
pipelines supplied water to the head box. Each pipeline 
had a calibrated, portable venturi orifice meter for 
measuring water inflow into the model. A 0.3-foot (9-centi- 
meter) thick rock baffle containing 3/4-inch to l-1/2-inch 
(1.9- to 3.8-cm) gravel was installed in the head box and 
downstream from the inlet pipes. The baffle reduced the 
turbulence from the inlet pipes and provided relatively 
calm and uniform inflow into the trapezoidal channel. 

The upstream edge of the trapezoidal channel had a rounded 
transition to improve the entrance flow condition, Figure 6. 

, The transition was a 90° arc with a l-foot (30-centimeter) 
?,radius. The trapezoidal model channel was 3 feet (91 centi- 
[heters) wide, 1-1/2 feet (46 centimeters) deep, 20 feet 
(6.1 meters) long, and had 1 vertical 'to 1-1/2 horizontal 
side slopes. 



o u t l e t  box. 

Figures 7, 8, and 9 show photographs of comparable dis- 
charges i n  t he  th ree  model and prototype w e i r s .  

Model Tests . 
- 

T h r e e  aAfferent . s izes  of trapezoidal w e i r s  were t e s ted  in  
the  hydraulic nddel. The same model was used so it was 
necessary to test each w e i r  using a d i f f e r en t  model scale. 
The model sca les  were as follows: - 

Weir a t  S ta t ion  1335+67 - Scale 1:s 
W e i r  a t  S ta t ion  1430+08 - Scale 1:2.67 
Weir a t  S ta t ion  1459+90 - Scale 1:2.33. 

Model w e i r s  w e r e  attached to t h e  upstream bulkhead of t he  
o u t l e t b o x .  The model w e i r s  w e r e  constructed of plywood 
and the w e i r  blades were made from 0.11-inch (0.28-centimeter) 
th ick  metal s t r i p s .  When i n s t a l l i n g  t h e w e i r s  i n  the  model, 
the  top  of .  t he  bottom w e i r b l a d e  w a s  placed f lush  with the  
t rapezoidalchannel  bottom. Tailwater elevat ions i n  ' the Out- 
let  box (sujmergence of the  w e i r )  were control led with an 
adjustable hinged gate  located a t  t he  downstream end of t he  

Topog=aphy simulating t he  prototype was cohstructed i n  the  
ou t l e t .box  f o r  t he  w e i r  a t  S ta t ion  1459+90. The topography 
extended 24 f e e t  (7.3 meters), prototype distance, down- 

ream from the  w e i r .  Riprap was placed f o r  a dis tance of 
f e e t  ( 3  meters). An addit ional  1 4  f e e t  (4.26 meters) of 
a& &%tended downstream, Figure 10.. Hydraulic model tests 
ermade with and without topography i n  the  model. A 

com$rison of these test r e s u l t s  showed that thetopography 
was no<:ineeded t o  obtain sa t i s fac to ry  hydraulic data.  No 
topogri$hy wasconstructed fo r  t he  w e i r s  a t  S ta t ions  1335+67 
and 1430+08. The wate r  flowed d i r ec t l y  from the  w e i r s  i n t o  
t he  ou$let box. 

f t h e  w e i r  i nver t  - p a r t  of t he  nappe abovg t he  
e r t  was submerged. 



measured above t he  w e i r  i nver t .  

I n  making t h e  f r e e  flow tests t he  measured model discharge 
w a s  increased i n  increments and t h e  upstream water depth 
was measured f o r  each discharge. 

I n  makinq a submerged flow test t he  measured model d is -  
charge w a s  held constant and t he  t a i lwa t e r  was ra ised  i n  
increments; both upstream and downstream water depths w e r e  
measured. To make addi t ional  submerged flow tests, t he  
measured model discharge was increased and t he  e f f e c t  of 
the downstream depth on the  upstream depth w a s  measured. 

The upstream water depth was measured a t  t h e  cen te r l ine  
of t he  t rapezoidal  channel and 15 f e e t  (4.57 meters), 
prototype d is tance ,  upstream from the w e i r s .  Upstream 
depth measurements w e r e  made with a point  gage mounted on 
an aluminum U-channel t h a t  spanned t he  canal.  The down- 
stream water depth was measured with a hook gage, mounted 
i n  a s t i l l i n g  w e l l  made from a 6-inch (15-centimeter) 
diameter p l a s t i c  pipe. A f l e x i b l e  hydraulic tube l ed  from 
the s t i l l i n g  w e l l  t o  a s t a t i c  pressure probe t h a t  w a s  

,--placed in the o u t l e t  box. The downstream water depth was 
,F- 

therefore  measured a t  t he  locat ion  of t he  s t a t i c  pressure 
probe. The probe was placed 1/2-foot (0.15-meter) down- 
stream from t h e  w e i r  and 1 foo t  (0.3 meter) from the  s i d e  
of Lhe o u t l e t  box f o r  m d e l  tests made f o r  w e i r s  a t  Sta- 
t i o n s  1335+67 and 1430+08, Figures 7 and 8.  For model 
tests with &he w e i r  a t  S ta t ion  1459+90 the  downstream water 
depth w a s  measured a t  a l i n e  18.3 f e e t  (5.58 meters) down- 
stream from t h e  w e i r ,  and a t  t he  canal  center l ine .  

DISCUSSION AND RESULTS OF THE INVESTIGATION 

Free Flow Tests  

The f i r s t  p a r t  of t h e  model study consisted of c a l i b r a t i ng  
the th r ee  w e i r s  under f r e e  flow conditions.  The 1-1/2- 
f oo t  (46-centimeter) model depth allowed t e s t i n g  of proto- 
type depths l a r g e r  than normal design canal and w e i r  
depths shown i n  ~igur&s>:3: and 4. The w e i r s  were ca l i -  
brated f o r  discharges l a rger  than design discharges. For 
each w e i r  t h e  upstream water depth w a s  measured a t  many 
d i f f e r e n t  discharges. The depth versus,discharge da ta  
f o r  t h e  three w e i r s  is p lo t t ed  on Figure 11. 



discharge and upstream canal water depth. 'xne generar 
f r e e  flow discharge equation f o r  t he  three  w e i r s ,  with 
discharge Q taken as t he  dependent var iable  and depth D 
the independent var iable ,  is a s  follows: 

2 (1) Q = a + bD + c D  , 
, 

where 

Q represents  w e i r  discharge, cubic f e e t  per second, 

D represents  t h e  water depth i n  f e e t  above the  w e i r  
i nve r t  a t  a point  15.0 feet (4.57 meters) upstream 
from t h e  w e i r ,  x j  

a, b, and c are coeff icients .  

For each w e i r  t h e  coef f i c ien t s  a, b, and c, have spec i f i c  
Values i n  t h e  f r e e  flow equation. The method of least 
squares w a s  used to  determine values of t he  coef f i c ien t s  
f o r  each w e i r ,  see Appendix A. The f r e e  flow discharge 
equations are 

(2) Sta t ion  1335+67 Q = 2.453 + (0.06010 + (3.529)D 
2 

, fo r  D = 1.0 t o  7.0 f e e t  
(0.3 to  2.1 meters) 

(3) Sta t ion  1430a08 Q = 1.396 - (0.268)D + (7.981)D 
2 

f o r  D = 0.5 t o  3.6 f e e t  
(0.15 t o  1.1 meters) 

(4) S ta t ion  1459+90 Q = 1.247 - (0.434)D + (14.105)D 
fo r  D = 0.5 t o  2.3 f e e t  
(0.15 t o  0.70 meters) 

Graphs of the  three equations are shown i n  Figure 11. 

Submerged Flow T e s t s  

Cal ibrat ing t he  w e i r s  f o r  submerged conditions was more 3: 

i f f i c u l t  than f o r  f r e e  flow conditions. I n  f r ee  flow 
ests the upstream water depth contro ls  the wc?ir discharge, 
u t  i n  submerged flow tests both t he  upstream and down- 
ream w a t e r  depths control  the  discharge. The hydraulic 

6 



Ratio, where t h e  

Submergence r a t i o  = Dd/Du 

Discharge r a t i o  = Qs/Q 

and 

Dd = downstream water depth above t he  w e i r  i nver t ,  

Du = upstream water depth above t h e  w e i r  i nver t ,  

Q s  = w e i r  discharge f o r  t he  given upstream and down- 
stream w a t e r  depths (submerged discharge] , 

Q = f r e e  flcm w e i r  discharge f o r  t h e  given upstream 
water depth (unsubmerged o r  f r e e  flow discharge) .  

D a t a  taken from t h e  hydraulic model submerged w e i r  tests 
included upstream water depth (Du), downstream water depth 
(Dd), and t he  model discharge o r  submerged discharge (Qs). 
The f r e e  discharge (Q) was computed using t he  upstream 
depth (Du) i n  t he  free flow discharge equation. Both t h e  
discharge r a t i o  and submergence r a t i o  were then computed 
and t he  data  points  plot ted.  Figure 12 is a graph of the  
data  points  f o r  t he  w e i r  a t  S ta t ion  1335+67, Figure 13 - 
Sta t ion  1430+08, and Figure 1 4  - Sta t ion  1459+90. In  each 
f igure  t h e  discharge r a t i o  is the  ordinate  and t h e  sub- 
mergence r a t i o  is  t h e  abscissa.  

The-alinement of t h e  data  points  on t he  three graphs in- 
d ica tes  t he  re la t ionsh ip  of t he  discharge r a t i o  t o  t h e  
submergence r a t i o .  However, a mathematical formula de- 
scr ib ing t h e  discharge r a t i o  i n  terms of t h e  submergence 
r a t i o  was needed. 'By inspection, an e l l i p s e  was found t o  
f i t  the  shape of t he  curve formed by t h e  p lo t t ed  data 
points  on t he  graphs. The major ax i s  of the e l l i p s e  w a s  
ro ta ted  45O t o  t h e  X axis  of t h e  graph. However, t h e  
e l l i p t i c a l  curve d id  not f i t  t h e  e n t i r e  c en t r a l  port ion 
of t he  p lo t t ed  points.  But the  general equation of t h e  
curve was used i n  making a l e a s t  squares f i t  f o r  t h e  data  
points. 

The general equation of an e l l i p s e  with a ro ta ted  ax i s  is 





Description and U s e  of t h e  W e i r  Discharge Graphs and 
Discharge Tables 

Figures 15, 16 ,  and 17 are graphs of t h e  w e i r  discharge 
for submerged flow conditions,  Figure 15 - Sta t ion  1335+67, 
Figure 16 - Sta t ion  1430+08, and Figure 17 - Sta t i on  
1459+90. The graph o rd ina te  is the  upstream water depth 
above t h e  w e i r  i nver t ,  t h e  abscissa is  t he  w e i r  discharge, 
and l i n e s  represent ing constant  downstream water depths 
are drawn on t he  graph. 

A n  X-Y p l o t t e r  which operates  from punched cards was used 
t o  draw t h e  curves of Figures 15, 16 ,  and 17. Information 
i n  t he  form of approximately 1,000 data cards per  graph 
was supplied t o  t h e  p l o t t e r .  A program w a s  wr i t t en  f o r  
an e lec t ron ic  d i g i t a l  computer t o  compute and punch t h e  
information on t he  da ta  cards. The discharge r a t i o  - 
submergence r a t i o  formula and f r e e  flow equation w e r e  
used i n  making data card computations f o r  t h e  discharge 
graphs i n  Figures IS, 16, and 17. 

To f ind  t h e  w e i r  discharge both t h e  upstream and downstream 
water depths above t he  w e i r  i n v e r t  must be known. For an 
example i l l u s t r a t i n g  t h e  use of t h e  graph consider an up- 
stream water depth of 2.12 f e e t  (0.65 meter), a downstream 
water depth of 1.53 f e e t  (0.47 meter), and use Figure 17. 
Find t h e  2.12-foot (0.65-meter) upstream depth value on 
t he  Upstream Depth s c a l e  a t  the  l e f t  edge of t h e  graph. 
Follow +he 2.12-foot upstream depth l i n e  hor izonta l ly  
r i g h t  t o  t h e  appropriate  l i n e  of downstream water depth. 
I n  this example one has t o  in te rpo la te  between t he  1.5- 
and 1.6-foot constant  downstream depth l i n e s  t o  f ind  t he  
1.53-foot (0.47-meter) downstream water depth. A t  t h e  
point  where t he  1.53-foot (0.47-meter) downstream depth 
crosses t he  2.12-foot (0.65-meter) hor izonta l  upstream 
depth l i n e  follow t h e  discharge l i n e  v e r t i c a l l y  downwards 
t o  t h e  W e i r  Discharge scale a t  the bottom of t h e  graph. 
The w e i r  discharge is 49.8 c f s  (1 .41  c m s ) .  

A program w a s  wr i t t en  f o r  an e lec t ron ic  d i g i t a l  computer 
t o  ca l cu l a t e  and p r i n t  t h e  w e i r  discharges f o r  t he  range 
of upstream and downstream water depths. The discharge 
ratio - submergence r a t i o  formula and free flow equation 
wer-e used i n  making t h e  w e i r  discharge ca lcula t ions .  W e i r  
discharge t ab l e s  are i n  Appendixes: S ta t ion  1335+67 - 
Appendix D,  S t a t i on  1430+08 - Appendix E,  and S ta t ion  



1459+90 - Appendix F. The vert ical  column a t t h e  l e f t  
edge of each table is the upstream water depths, Du. The 
top horizontalraw of the table is the downstream water 
depths, Dd, and the columns of numbers below the downstream 

An example is given for using the w e i r  discharge tables. 
Use the table i n  Appendix F, upstream water depth (Du) of 
2.32 fee t  (0.71 meter):. and downstream water depth (Dd) 
of 1.9 f ee t  (0.58 meter). Select thepage of the table 
thathas the range of\;upstream and downstream water depths 
t h a t  include Du = 2.32.Eeet and Dd = 1.9 feet .  I n  the col- 
umn marked Du find ~ = ' 2 . 3 2  water depth. The row of num- 
bers horizontally to the r ight  of 2.32 are w e i r  discharges 
for  Du = 2.32 fee t  and-for the downstream water depths 
l i s t ed  a t  the top of the table. For Dd = 1.9 fee t  (0.58 
meter) the w e i r  discharge is 52.0 cfs  (1.47 cms) . 

3 







S t a t i o n  1335+67 Photo P707-729-2748 

S t a t i o n  1430+08 Photo P707-723-2724 
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Figure 7 

Prototype timber control check a t  Station 1335+67. 
Photo PX-D-61970 

I 
L .....- - ~ ~- ~ . . 

Model a t  Station 133567. Photo PX-D-61971 



Prototype timber control  check a t  S ta t ion  1430+08. 
Note the temporary water s t a g e  recorder and s t i l l i n g  
w e l l  £or recording t h e  downstream water surface  ele- 
vat ion .  Photo ~ ~ - ~ - 6 1 4 7 2  



Prototype timber c o n t r o l  check a t  S t a t i o n  1459+90. 
P h o t ~  PX-D-61974 



.,:::~. ] <. 
Figure 1 0  

Prototype timber control c l ~ e c k  at Station 1459+90. 
Photo P707-729-2708 

-. - 

Model at Station 1459+90. Photo PX-D-61976 











W E I R  D I S C H A R G E  - C U B I C  F E E T  P E R  S E C O N D  

S U B M E R G E D  F L O W  D I S C H A R G E  C U R V E S  
FOR WEIR AT S T A T I O N  1335 + 6 7  















d drop i = 1 and n from the summation sign ( C ) .  

applying-the - least  squares method to obtain the minimum 
lue of the function G ( A , B , c , D , E ) ,  partial derivatives 

pendix C gives escription ofNewton's 
n method. The pose is t o  find the root 







ues. Approximations were made first to the coefficients 
with the largest corrective value. Starting at the begin- 
ning with Equation (16) the described computation proced- 
ure was repeated many times until the corrective values 
were very small. When the corrective value for each co- 
efficient was less than 0.0003 computations were stopped 
on the computer. Values of the coefficients obtained are 
given in a table in the main part of the report under the 
heading, "Submerged Plow Tests. " The graphs of the dis- 
charge ratio - submergence ratio formulas are shown in 
Figures 12, 13 and 14. 

, , 

A computer program was written and an electronic digital 
computer used to solve for the values A, B, C, D, and E. 
Equations (1) through (20) and the approximate values of 
the coefficients were used. The procedure of the computer 
program is as follows. Using an approximate value for the 
coefficients in Equation (161 a second approximation of A 
(which was more accurate than the first) was computed. 
Then the second approximation of A replaced the first in 
the computer program. Next Equation (17) was used and a 
second approximation of B computed, which replaced the 
first approximation of B in the computer program and so 
on through coefficient E. Each coefficient A through E 
had a corrective value (hl). The next five approximations 
made to the coefficients were based on the corrective val- 





APPENDIX D- 

Discharge i n  cfs for w e i r  at Station 1335+67 

Upstream water depth (Du) 1 .40  - 2.22 Feet 

Downstream w a t e r  depth (Dd) 0.0  - 2.4 Feet 



APPENDIX D .  - C o n t i n u e d  

D i s c h a r g e  in cfs for w e i r  at Station 1335+67 

U p s t r e a m  w a t e r  d e p t h  (Du) 2.24 - 3.06 F e e t  

r 
W - Downs tream Water Depth 

U. 0.0 1 .2q .4q .6q .8q 1.0q 1.201 1.401 1.601 1.8q 2.001 2.2q- 
I I I I I I I I I I I I I 



APPENDIX D. - Continued 
Discharge in cfs for weir at Station 1335+67 

Upstream water depth (Du) 3.08 - 3.90 Feet 

Downstream water depth (Dd) 0.0 - 2.4 Feet 1.4174 C . . 
Dd - Downstream Water Depth 

0.0 1 .2C4 .4q .6q .8q 1.001 1.201 1.401 1.601 1.801 2.001 2.2q 2.4( 
I I I I I I I I I I I I I 



Upstream water depth (ou) 3.92 - 4.74 Feet \ & 



APPENDIX D .  - continued \ 1 

Discharge i n  c f s  f o r  weir a t  Stat ion  1335+67 

Upstream water depth (Du) 4.76 - 5.44 F e e t  

Downstream water depth (Dd) 0.0 - 2.4 F e e t  

4.94 88.9 I:::: I:::: 

5.20 98.2 I:::: I:::: 

5.50 0. I:::: I :: 

- 
ter - 
- 40  

- 0  
- 7  
, .4 
:.1 
1.8 
1.4 ,. 1 
1.8 
1.5 
i.2 
i.9 
1.6 
1.3 
1.0 
1.7 
) .5 
1.2 
L.9 
2.6 
3.3 
1 .1  
1.8 
5.5 
5.3 
7.G 
7.8 
0.5 
9.3 
0. 
0. 
0. 
0. 
0. 
0.  
0. 
0. 
0. 
0 .  
0.  
0. 
0.  
0 .  
- 

, . 
eptn 
-601 1 .8q  2.001 2.2q 2.41 



APPENDIX E. 

Discharqe in cfs for w e i r  a t  S t a t i o n  1430+08 

Upstream water depth (Du) 0.50 - 1 .48  P e e t  

Downstream water  depth (Dd) 0 .0  - 1 . 2  P e e t  - 





Upstream water depth (Du) 2.50 - 3.28 Peet 
0.771 

Downstream water depth (Dd) 0.0 - 1 . 2  Feet "LP 



2.38 Feet 

- 2.5 Feet 

'earn wate 
1.90 2.0 

0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 0. 

!9.3 0. 
!0.3 0. 
!1.2 0. 
!2.2 0. 
!3.1 0. 
!4.0 0. 
!4.9 21.7 
!5.9 22.8 
!6.8 23.8 
!7.7 24.8 
!8.6 25.7 
!9.4 26.7 
10.3 21.7 
1 28.6 

r Depth 
0 2.1012.2012.30~~ 

I I 

2 
2 
2 
- - 



APPENDIX E.  - Continued 

Discharge  i n  cfs for we ir  a t  S t a t i o n  1430+08 

Upstream water  depth (Du) 2 . 4 0  - 3.28  F e e t  
. . 

Downstream water  depth (Dd) i . 3  - 2 . 5  F e e t  :..:,;.~ 



APPENDIX F. 

Upstream water depth (Du) 0.50 - 1.48 F e e t  

Downstream water depth (Dd) 0.0 - 1 . 2  F e e t  

Discharge i n  c f s  f o r  w e i r  a t  s t a t i o n  1459+9(3 



APPElmIX F. - Continued 
Discharge in cfs for weir at Station 1459+90 

Upstream water depth (Du) 1.50 - 2.48 Feet u 1.333 

Downstream water depth (Dd) 0.0 - 1.2 Feet 4 3 . I d I ,  

Dd - Downstream water Depth 
3 .4q .5q .60) .70( .8q -9q 1-00 l.lq 1-20 .lq -2q 

I I I I I I I 
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APPENDIX F. - cont inued . 

Discharge  i n  cfs for w e i r  at S t a t i o n  1459+90 

Upstream water  depth (Du) 1 . 9 0  - 2.39 F e e t  

Downstream water  depth (Dd) 1 . 3  - 1 . 9  F e e t  
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differently shaped trapezoidal weirs ware calibrated i n  the hy- Three differently shaped trapezoidal veirs were fal ibrated i n  the hy- 
draulic laboratory l o r  t ree  nm and submerged Plow canal discharge 
measurements i n  f i e l d  canals of 50- and 90-cfe designed capacity. The 
3 weirs were calibrated in  the same t e s t  fac i l i ty  using model eeales of 
1:s. 1:2.67, and 1:2.33. I n  each caae the canal bottom upstream iromthe 
weir was flush with the weir invert and the domstream canal bottom had a 
1.5- t o  3-ft ver t ical  d r v  a t  the weir. lin electronic d i g i t a l  compvter 
was used t o  make a l e w t  squares f i t  oP the calibration data t o  a curve. 
Second desree polynomial equations vere derived describing free flow con- 
ditions and general conical equations describing submerged flow condi- 
tions. The computer vas used t o  obtain ve i r  discharge tables  and infor- 
mation for weir diacherge graphs l o r  submerged conditions. Discharge 

s and graphs for each weir and drawings and photographi of model and tables  and graphs for  each weir and dravings and photographs of model and 
type weir structures are included i n  the report. prototype weir structures are included i n  the report. 

, ,, 
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ABSTRAL2 

r e e d i i i e r e n t l ~  shaped trapezoidnl weirs were calibrated ?n the hy- Three differently shaped trapezoidal weirs were calibrated i n  the hy- 
aul ie  laboratory for  t ree  P l w  and submerged flw canal &$?charge draulic lsboratory for h e e  flaw and submerged flov canal discharge 
asurements i n  Pie16 canals of 50- h d  90-cis designed capa\lity. The measurements i n  f i e l d  c ~ a l s  of 50-  and 90-cfs designed capacity. The 
weirs were oalibrated in  the same t e s t  f a c i l i t y  u$+g mcdefiscales of 3 weirs were calibrated in the same t e s t  f a c i l i t y  uaingmcdel scales of 

:f...~:2.67, rind 1:2.33. In each case the canaLbo;.com upstream fram the  1:5. 1:2.67, and 1:2.33. I n  eaeh case the canal bottom upstream from the 
weir w a s  Qush with the.ueir  invert and the dms+am c m a l  bottom had a ve i r  was flush vi th the weir invert and the domstrcam canal bottom had a 
1.5: t o  3-PterZ+3& drop a t  the wciz. In e l e e t r o h  d i g i t a l  computer 1.5- t o  3-ft ver t ica l  drop a t  the vcir.  An electronic d i g i t a l  computer 
YBB uaed t o  mnke a l e w t  squares f i t  of the calibration data t o  a,curve. wan used to.&e a l eas t  sguaree f i t  of the calibration data t o  a curve. 
Second degree polynmial equations were derived describing free flow con- Second degree polyncmial epuations were derived describing i ree  flow Con- 

ditions and general conies1 equations describing submerged flow condi- 
tions. The computer vas used t o  obtain weir discharge tables and infor- 
mation for veir  discharge graphs for  submerged conditions. Discharge 
tables  and grephe for each ve i r  and drawings and photographs of model and 
prototype weir structures are included i n  the report. 
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